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1 
This invention relates fo a process and 
paratus for promoting endothermic reactions at 
elevated temperatures. In particular, if has to 
do with the .control of the temperature within 
a mass of fiuidized fmely-divided solids when 5 
promoting endothermic reactions in the said mass 
ai elevated temperatures. More specifically it 
deals with the promotion of an exothermic re- 
action in the bed simultaneous with the endo.- 
thermic reactions whereby a partial or complete 10 
cqualization of temperature in the fiuidized bed 
results. 
In prcsent practice in making combustible gas 
such as city-gas and in re-forming hydrocar- 
bons by reaction with steam, the reactions are 15 
conducted ai temperatures of the order of 1800 ° 
fo 2000 ° F, or higher and frequently the opera- 
tion is intermittent, the operation comprising a 
heating cycle and a gas-making cycle. Many 
attempts have been ruade fo eliminate the inter- 
mittent nature of such operations; one such 
tempt being the use of mixed oxygen and steam 
as a gas-making fiuid with continuous operation. 
If has been round that the consumption of oxy- 
gen per 1000 culic feet of gas ruade is high which 
results in a high cost for the fmished gas. 
One of the objects of this invention is fo make 
gas by endothermic reactions af elevated tem- 
peratures by passing a gasiform stream upwardly 
through and in contact with a fluidized mass of .30 
small size solids at an elevated temperature and 
simultaneously promoting exothermic reactions 
in the mass of fiuidized solids by circulating or 
passing therethrough a substance adapted to re- 
act exothermically in said bed; one substance 
adapted for such ch'culation is calCium oxide. 
Another object is to produce combustible gas by 
endothermic reactions which has a low content 
of carbon dioxide as if is generated or rather as 
if is discharged from the generator. Still an- 40 
other object is the production of gas in a fiuid- 
ized mass of solids substantially continuously by 
endothermic reactions without the circulation of 
a large quantity of solids per 1000 cubic feet of 
gas ruade. Another object is the reduction in 45 
the quantity of oxygen consumed in making gas. 
A further object is to promote gas-making re- 
actions at elevated temperatures substantially 
continuously but af lower temperatures than the 
ash-softening point of the solid fuel employed 50 
without the necessity for subsequently scrubbing 
a large percentage of carbon dioxide fröm the 
gas thus produced. Other objects will become 
apparent by disclosures hereinafter ruade and by 
the claires. 55 
In general, the Process of this invention in 
making combustible gas is conducted at temper- 
atures hot only appreciably lower than thos.e of 

2 
the intermittent gas-mkingprocesses but.af a 
more uniform temperature than in the latter 
processes. There is quite a definite relationship 
between the pressure under which the reactions 
are conducted and the temperature wich may 
prevail in the bed of fluidized solids in ttïe 
actor in which the reactions are promoted; high- 
er temperatures may be employed in the lhtidized 
bed of solids when high pressures are employed. 
In promoting reactions such as in the gasifica 
tion of solid fuels while they are in the fiuidized 
state, or in the re-forming of gaseous hydvòcar- 
bons by reaction with steam, -the reactions are 
promoted below 1000 ° C.; when the pressure in 
the reactor is substantially atmospheric pressure 
the gas-making temperature therein should be 
appreciably lower than 900 ° C. in order to effec.- 
tively carry out the invention. Inasmuch as cal- 
cium oxide (CaO) reacts with water vapor to 
form a hydrate it is usually essential that the 
reactions be conducted in the reactor ut -a tem- 
perature above Sg0 ° C. Thus, this invention dif- 
fers from other processes with which I am 
miliar in that there are maximum- and minimum 
temperatures sharply defined, that the reacti0ns 
can best be promoted when in contact with fluid- 
ized solids which may be confined in a reactor, 
and when the steam used in promoting reac- 
tions requiring steam is at a temperature above 
about 580 ° C. as it is introduced into the bed of 
fiuidized solids. Reactions are c0nducted in such 
a manner that one of the reaction products is 
absorbed or removed from the system as formed 
thus changing the equilibria conditions benefi- 
cially. The absorbent (CaO in this example) 
generates heat during absorption of the. CO2 
which heat is used in the process.. The process 
further differs from the art, so far as I ara aware, 
in that the so-called absorbent is circulated in 
a mass of fiuidized contact solids in contact wifh 
both the solids and the fluid stream initially con- 
taining reactant material during the removal of 
CO2 from the stream. The operation is prefera- 
bly continuous. Before presenting a detailed de- 
scription of particular operations it appears to 
be desirable to mention some general applica- 
tions of this invention. 
If is believed that this method of generating 
heat in promoting endothermic reactions has 
particular usefulness as follows: 
I. Re-forming hydrocarbons by enlottiermic 
reaction at e!evated temperatures with CO,I-O, 
mixtures of steam with CO and/br O, or other 
reactant fiuids. 
ri. Production of hydrogen (Iii) by re-orming 
with absorption in the process of the COe ini« 
tially formed. 
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III. Making city-gas by re-forming hydrocar- 
bons of higher mo]ecular weight than CH4 by re- 
actions which Initially yield CO2, H, CH4 and 
CO, but with the CO2 content reduced by reac- 
tîon with CaO; the heat liberated by the latter 
reactîon being utilized în the re-forming reac- 
tions. 
IV. Reducing or eliminatîng the need for O2 
in making combustible gas by promoting the 
reaction of CO2 and CaO in the reaction zone of 
a gas-making device thus generating at Ieast 
some of the heat required in the gas-making 
process and simultaneously reducîng the COe 
content of the gas. 
V. Gasîfy solid carbonaceous solid fuel at 
temperatures below the ash-oftening point whîle 
in the fiuidized state With htgh temperature 
steam by passing a stream initially comprising 
steam upwardly in contact with a mass of the 
fluldized fuel simultaneously contacting both the 
stream and the fluidized fuel with CaO. 
VI. In the relatively low-temperature gasifica- 
tion of solid carbonaceous fuel by reaction with 
steam, such as by C-2HOCO÷2H, the cir- 
culation of CaO through the fiuîdized fuel at a 
rate adapted to supply at least an appreciable 
portion of the heat required by the reaction 
CaO÷COE=CaCOe thereby making the process 
continuous with only the circulation of the re- 
fractory material CaO and resuiting CaCOe. 
VII. Conducting the operations at high pres- 
sure in order to employ high T ° and simulta- 
neously cause the CaO to absorb COe; the dis- 
sociaGon pressures of CaCOs indicate the re- 
quirements. At atmospheric pressures CaO will 
absorb CO2 from gas, when present therein in 
appreciable amounts, at temperatures as high as 
750 ° C, However, at 900 ° C. and at atmospheric 
pressure CaCO gives up its CO:. Therefore, in 
order to conduct the gas-making reactions at a 
temperature of the order of 900 ° C. itis neces- 
sary to employ superatmospheric pressure, pref- 
erably more than 10 atmospheres. The dissocia- 
tion curve is so steep above 900 ° C. that the step 
of employing CaO to generate heat by reacting 
it with CO is not operable at temperatures 
above 1000 ° C. or thereabout. Hence, the T ° 
limit for practical purposes is ordinarily about 
900 ° C. under superatmospheric pressure. This 
T ° is below the ash-softening point of substan- 
tially all solid ïuels and therefore gasiflcation 
can be conducted at temperatures wl]ich avoid 
clinker troubles. The CaCOï formed in the 
process is removed from the reactor or genera- 
tor, calcined and the resulting CaO again may be 
circuiated through the reactor. The pressure on 
the calcining system may be lower than in the 
generator (reactor) when desired, with benefit. 
The operation may be so conducted (by drawing 
the CACO3 out ïast enough) that suflïcient car- 
bon is present as fuel, associated with the CaCOe 
that calcining may be accomplished by air blow- 
ing only; otherwise fuel may be used in calcin- 
ing. Another advantage is: the hot calcined 
product (CaO) may be returned without cooling, 
thus saving heat energy. When the CaO thus 
charged into the reactor is, saY at 1100 ° C. it will 
function largely as a heat carrying agent until ifs 
temperature is reduced therein to 900 ° C. or 
lower, according to the pressure in the reactor. 
It is advantageous to keep the temperature of the 
CaO as charged to the reactor below the ash- 
soîtening point of the solid fuel gasified and 
usually below 1050 ° C. 

4 
VIII. Cracking hydrocarbons in an atmos- 
phere of steam at temperatures of the order of 
580 ° C. or higher in contact with fluidized solids, 
which may be catalyst, and with CaO, the crack- 
5 ing conditions being such tha CO2 is also ini- 
tially ïormed as a result of carbon oxidation; the 
CaO supplying some of the heat required by the 
reactions, by combining with CO. 
IX. Adding CO to a fluid stream initially con- 
10 taining reactant material, causing the stream to 
contact hot fluidized solids and react endother- 
mically while contacting aiso in a fluidized state 
CaO, and supplying heat to the fluid stream by 
reaction of the CaO with the CO. 
15 X. Passing CaO in a state of subdivision into 
contact with a gasiform medium containing COe, 
regulating the relative quantities of the CaO and 
CO2 contacted per unit of rime to generate a 
given predetermined amount of heat and sîmuI- 
20 taneously contacting the reacting CaO with re- 
actant material adapted to react endothermi- 
cal]y, said predetermined amount of heat being 
that amount desired to promote the endothermic 
reaction of said materîal, and recovering a prod- 
25 uct of the latter reactlon. 
XI. Producing unsaturated hydrocarbons from 
parafiins or other saturated hydrocarbons. 
A clear description of the invention can best be 
ruade by specific examples and reference to 
30 figures. 
Figure 1 is a diagrammatic drawing showing in 
elevation but ]argely as a flow diagram one form 
of apparatus in which the process of this inven- 
tion may be practiced. It is adapted for the gasi- 
35 flcation of solid fuel in a subdivided state, 
namely, a state adapted to be fluidized by passing 
a gasiform stream up through a bed of it. This 
figure depicts means for introducing CaO af the 
top and removing CaCOs from the bottom. 
0 Figure 2 shows sflnilarly and diagrammatical]y 
a ïorm of apparatus for practicing the invention 
in which the CaO is introduced substantially at 
the bottom of the reactor and the CaCO and 
any excess of CaO is removed from an upper 
portion of the fluid/zed bed. This is suitable for 
45 relatively lowitemperature reactions, i. e., 350 ° 
to 650 ° C. at atmospheric pressure or to higher 
T ° at high pressures, and the reactor may con- 
fine catalyst fluidized solids. 
Figure 3 shows diagrammatically in e]evation, 
50 but somewhat as a flow diagram, a form of ap- 
paratus conflning arranged and spaced checker 
bricks; this is a preferred form of the apparatus 
of this invention. It may be used in re-forming 
hydrocarbons, gasifying solid fuel, gasifying 
55 liquid fuel and promoting other chemical reac- 
tions hot only those normally endothermic but 
in special cases (as when CaO is used to treat a 
gas essentially for the removal of CO2 there- 
from) for promoting primarily exothermic reac- 
60 tions. 
Figure 4 is a graph showing approximately the 
dissociation pressure of CaCOs at different tem- 
peratures, in millimeters of mercury. 
65 Referring to Figure 1, the reservoir | supplies 
fine size solids which may be solid fuel, cata]yst 
or both, or calcium oxide and solid fuel or other 
solids, through valve 2 and conduit $ to reactor 
4, whereas steam is admitted thereto through 
ï0 valve $, pipe  and inlets . Valve  controls the 
admission of other reactant fluid which may be 
hot combustible gas or other fluid, and the vapors 
are discharged from the reactor through valve 9 
and conduit |{}. The CaCOs fomed ir the proc- 
75 ess is discharged through a specially provided 



offtake element extendingthrough grid Il -and 
passes in a substantially fluidized state through 
conduit 12, valve 13 and conduit 14 to separator 
I§, the gas .and vapor passing out through 16 
and the separated CACO3 discharging hrough 
valve 7 into calcining kiln or furnace 3. The 
CACO3 is heat treated in 3 preferably by burn 
ing combustible gas therein with preheated .air 
from heat-exchanger 9, the gas passing into the 
furnace through conduit 2Q, the air and gas con- 
trol valves being respectively at 2  and 22. The 
furnace waste gases pass out of 8 through valve 
23. fhen an appreciable amount of CACO3 is 
calcined ïn 8 the .stack gases are conducted 
thr0ugh .a heaf exchanger which is not shown 
in Figure 1. The calcined product, "CaO as-re- 
turned when, as, n£l ïf desired, Zhrough valve 
24 and conduit 2 to reactor 4; this eperation 
may be continuous. The fluidizing stream sup- 
plied fo reservoir  fhro.ugh valve 2 passes out 
through conduit 27 and valv 28. The levels of 
solids in 1, 4 .and .8 .are preferably maintained 
respectively ai LR, L and oE. In all .references 
to this figure if will he understood thaf the solids 
in reservoir I need hot be fluidized in ortier to 
practici this invention, the small sizi solids will 
flow from I to 4 under their own head when 
pressure equalization in vessels I and 4 is pro- 
vided. The feed of solids from I to 4 need not 
be continuous but may be intermittent. Control 
valve 3Q regulates the rate of supply of fluidizing 
fluid te the bottom of reactor 4 and dust separa- 
tor 31 separates dust from the gas stream dis- 
charging from the reactor. Five zones are shown 
in this figure designated as A, B, C, D and E; 
zones B and D are packed zones, that is, they 
are fllled with solid packing material so disposed 
in the mass as to afford a plurality of channe]s 
for the upward or downward passage of a fluid 
stream or for the passage of finely divided solids. 
Control means for supplying flnely divided solids 
from reservoir I to zone C of reactor 4 is indi- 
cated bY control 'valve 2-A. Thermocouples 34 
and 35 are employed to indicate temperatures in 
the reactor. 
Referring to Figure 2, the same system of num- 
bering is employed as in Figure 1. The heat ex- 
changer employed on the circulated solids from 
the calcining furnace 3 is numbered 9-A in 
this figure. Three zones are shown lettered A, 
B and E, the latter corresponding to the top zone 
of Figure 1 and B is a zone fllled with packing 
material, namely, solids whichafford in the 
gregate a multiplicity of passageways for fluid 
and fine size soli.ds to pass from bottom to top or 
top to bottom of the fluidized bed. The dis- 
charge lines and control valve for the CaCO 
leaving reactor 4 are in a different location in 
this figure but are numbered, as in Figures 1, 12, 
14 and 12. Similarly the discharge line from the 
calcining furnace $ is located differently but 
numbered as in Figure 1. 
Referring to Figure 3, the saine system of 
numbering bas been employed as in Figure 1. 
The special checker bricks, spaced and arranged 
in such a manner as to afford a muitiplicity of 
reguiar channels of chosen diameter, which 
ameter is preferably in the range 0.5-inch to 
2-inches, are shown at 3. A heat exchanger 29 
is shown for recovering sensible heat from the 
blast gases from the calcining furnace . The 
double arrows indicate introduction  of a fluidiz« 
ing gas as may be required 
Referring to Figure 4, he graph shows ap- 
proximately the change in dissociation pressure 

of CaCO with change in .temperature over the 
range 400 ° C. (52 ° F.) to 900 ° C, (1652 ° -F.) af 
atmospheric pressure. Thus, it shows that af 
1652 ° F. and at atmospheric pressure the dissoci- 
5 aton pressure is about 1 atmosphere. Below 
fhis temPerature it is less than 1 atmosphere. 
At superatmospheric pressure in the presence of 
COi. the oxide CaO readily combines with the 
CO2 to form CaCO by an exothermic reaction 
10 evolving ,940 B. t. u. This heat energy is 
utilized in the practice of this invention; the ex- 
tent to vhich it takes place at temperatures ap- 
proximating 1650 ° F. is largely a function of 
pressure and CO2 concentration, whereas at tem- 
5 peratures .of .the order of 140 ° F. CaO absorbs 
CO forming CaCO quite readily af pressures of 
a few atmospheres zhen the gas nnder pressure 
contains an appreciable amount of CO2. In seine 
of the reactions which may be promoted within 
20 the scope of -this invention CO2 is liberated and 
heat is absorbed, that is, heat must be supplied 
to promote the reactions. Under these condi- 
tions the reactions are .conducted under.suflicient 
pressure te evolve af least a very appreciable part 
2 of the required .heat .by the reaction of CO2 with 
CaO. Under some conditions, particularly when 
waste.CO2 is available, it is an economical method 
of providing heat and making the operation con- 
tinuous, using cheap fuel in the ca]cining opera- 
30 tion. This exothermic reaction is conducted 
under conditions which are unfavorable for the 
formation of Ca(OH)2 by reaction of CaO with 
H20 vapor. Furthermore, the CaCO calcined 
form CaO is conducted under such conditions 
:5 that the CaO does hot sinter or fuse; the sintered 
product is hot readily reactive with either CO2 
or H,O. At 00 ° C. (1.9. ° F.) the CaO will 
sorb CO2 even at atmospheric pressure when the 
CO2 content of the gas is greater than about. 3.5 
4O percent; at increased pressure the rate of ab- 
sorption and the amount of absorption of CO2 
forming the CACO3 increases. This is useful in 
the low-temperature carbonization of certain 
solid fue]s. When CO2 is introduced into the 
«5 system adjacent the bottom of the reactor as 
through valve 8 of Figures I, 2 and 3, it is part 
of the fluidizing stream until if ïs reacted with 
the CaO. 
Some of the results which are obtainable in 
5o the practice of this invention are typifled by 
Chemical equaions as follows: 

55 

6O 

65 

I 
(2___" 
(1,).__ 
(3) .... 
(4). - - I 
.()---I 
(.) _. _ 
(7)___1 

(8) .__ CHI+2HO (gas)=2CO+4H 
(9)._. 2CHI+GH0 (gas)-2CaO=2CO+10H2+2CaCO 
(10)__ CH+2H0 (gas)+Ca0=4tt+CaCO 
(11)__ CH+2H0 (gas)+C0+2CaO=4H+2CaC0 
(12)__ -CH+4HO (gas)+2Ca0=6H+2CaCO 
(13)._ C+2H0 (gas)+Ca0=2H+CaC0a 
(14)__ CO+CO= CaC 0a ^ 
(15)__ CaHs-[-4HO (gas)+2CaO=CH+6H+2CaC, 
(16)__ 3C+5HO (gas)+2Ca0=CO+SH+2CaC0, 
(17)__ 5C+0+OI.O (gas)+aO=3CO+6H+2CaC0,, 
(18)._ 4CHllHO (ga)+].50+ ^ 
,  4CaO = 2CHI+6C O+23H+4CaC oa 

-- 56, 490 
-38, 780 
--88, 690 
--70, 980 
-129, 240 
-90, 
-59,190 
-- 95, 280 
+6 920 
+84, 820 
+96, 610 
+39,120 
+77, 900 
+65,240 
+21,750 
+12, 460 
+8,540 

70 The swell in gas volume is from 4 volumes of 
propane to 31 volumes of gas. 
CH consumed per 1000 cubic feet-of gas made=129 cubic ft. 
O consumed per 1000 cubic feet of gas marie=48.5 cubic ff. 
Steam consumed per 1000 cubic feet of gas n¢mde=17.0 pounds. 
Ca0-onstmaecl (converted fo CaC0) per 1000 cubic fee of gas 
7.5 marie=20.0 pounds..- 
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Theoretical gas composition:' Based on .use of 
pure 02 " " . , 
CO .................................... 19.3 
I- ................ " .............. : ..... 
C:H« ................................... 6.5 

100.0 
B. t. u. (gross) per cubic foot-3701 
Actually operating with commercially pure 
materials there is a small amount of CO2 in the 
gas, a small amount of N2 and very small amounts 
of illuminants and ethane. 
(i9) C«Hlo contacting hot fluidized solids at a 
temperature of the order of 580 ° C. particularly 
in the presence of steam and of CO reacting with 
CaO yielding C3H6, C2H«, H2, CH« and CACO3. 
This, like many other reactions can be ruade 
Continuous by so controlling the temperature 
the inlet and ourlet gas stream by economizing 
steps that the reaction of CaO with CO2 generates 
Rll the heat energy required. If and when the 
heat losses, such as through the exit of gases af 
high temperature, are excessive heat must be 
supplied in order fo conduct the reactions. This 
heat may be supplied by the use of O2, by inter- 
mittently heating the solids in the reactor or by 
adding COs to the reactant gas stream and cir- 
culating CaO to react with it. 
Exampl 1 
Carbonizing lignite and recovering char and 
gaseous products: The foliowing description is 
applicable to the treatment of other low-rank 
fuels and certain oxidizet coking coals, and cer- 
tain non-coking coals. 
leferring to Figure 1, finely crushed lignite, 
size one-sixteenth inch and smaller, is fed from 
reservoir ! through valve 2-A fo reactor 4 until 
a deep bed forms therein after which valve 
is ctosed and superheated steam af a temperature 
above about 10V0 ° F. is introduced through valve 
, pipe 6 and ports ] af a velocity adapted to 
fluidize the lignite. The steam and volatile 
products are removed from the reactor through 
separàtor  , 9 and ! . This is continued and the 
level of the fluidized lignite is raised atmost fo L 
by opening valve 2-A. If will be round that the 
gases evolved by the lignite contain a very 
preciabte amount of CO. When the tempera- 
ture in the mess of fiuidized lignite is about 1100 ° 
fo 1200 ° F. and the temperature of the gas stream 
leaving the reactor is above about 1000 ° F. CaO 
is introduced by opening valve 24 and the level 
of the mixed solids is brought up to L. The 
particles of CaO thus introduced into  are pref- 
erably about one-eighth inch fo one-sixteenth 
inch size. The operation is now under way and it 
witl be round that the CaO particles slowly mi- 
grate fo the bottom of reactor 4 and the carbon- 
ized lignite hereinafter called "char" migrate fo 
the top of the fiuidized bed. In trave]ing down 
through the reactor the CaO combines with CO. 
liberating heat and forming CaCO; the heat is 
used in carbonizing the lignite. Now the valve 
is opened sufficiently fo allow the CaCO to pass 
îrom  through 2 and 4 fo I and the calcining 
ïurnace 8. Likewise, the catcined product is re- 
turned fo  at an equal rate bY opening valve 2 
under control. This circulation of lime is con- 
tinued and the rate is adjusted in accordance 
with the CO. initially evolved during carboniza- 
tion of the lignite and in accordance with the 
temperature effect desired. A Dakota lignite, 
when heated to a carbonizing, tempçr.aturê, 

8 
ylelds gas having a composition substantialiy as 
follows: 
Percent by .volume 
Co2 .................................... 20.0 
8 Illurninants ............................ 1.2 
CO .................................... 14.0 
 .................................... 48.8 
C ................................... 14.0 
I0 
i00.0 
The ield o thls gas is 500 cubic feet per ton 
rw li-nite. hus, the çO2 In the Kas rom 000 
1 pounds of lignite is 1040 cubic feet. I suflicient 
CaO is circulated fo react with the CO and it 
removes 5 percent of the CO. or 1500 cubic feet, 
the amount of heat liberated in accordance with 
equation (14) is 309,120 B. t.u. This amount of 
0 heat iS enough to carbonize dried lignite. Thus, 
when lignite is roughly heat treated by known 
means fo reduce its wter content to substan- 
tially the dry state the dried product can be car- 
bonized continuously, by internally applied heat 
25 and a high yield of byproducts obtained without 
inert dilution common fo other methods of in- 
fernal heating. If will be round that when 
very appreciabte excess of CaO is employed or 
mixture of CaO and other heat carriers are em- 
30 ployed and they are introduced hot into the 
actor, additional heat is available for carboni- 
zation and under these conditions if is hot neces- 
sary fo dry the lignite belote treatment. When 
the operation is well under way if is advisable fo 
35 discontinue the blasting with superheated steam 
and blast with hot gas, preferably the lignite gas 
which bas been freed of far and condensable 
marrer. Thus, in this example the operation 
comprises circulating solids  fo /-inch size 
40 w.h!ch inctude CaO, while still hot from a cal- 
c]mng furnace fo an upper portion of a bed of 
fluidized carbonaceous solids initially about 
J-inch and less in size, passing the former sol- 
ids downwardly through the latter bed remov- 
ing them, subjecting them to the action of heat 
45 ata temperature above about 950 ° C. (142 ° F.) 
and recirculating meanwhile maintaining the 
bed fiuidized in the reactor 4 by blasting if with 
a gasiform fiuid from a lower zone of said bed, 
while adding fresh carbonaceous solids fo be 
50 treated substantially continuously fo a zone of 
said bed below the top zone and substantially 
continuously removing the carbonized produc 
as through valve 4] from the top zone of said 
bed; the gaseous products of reaction are dis- 
55 charged as a continuous stream overhead,  
Exampl 2 
. lemoval of CO from gases containing appre- 
ciable amounts of CO2 simultaneous with the re- 
60 moval of certain su[fur compounds if presenç 
and also gums and resins if present. 
leferring to Figure 3, and following technique 
substantially as described, only in this example 
the reactor 4 contains as finidized solids inty 
65 CaO along with solid products of reaction such 
as CaCO: The CaO, preferably in a fine state 
of dvision such as 80 to 100 mesh or finer, is 
finidized, hot, in reactor by passing a stream 
of the gas to be treated into 4 by ope_rfing valve 
70 30 sufficiently fo maintain the powdered lime in 
.a fluidized state resembling a boiling liquid. The 
gas stream is conducted out of 4 through valve 
9 and ourlet {}. It is preferable fo conduct this 
opiration under, superatmospheric pressure, say 
7.5 10 atm0spheres and at a temperatur.e of the or- 
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der of 600 ° fo /00 ° C. (1112 ° fo 1292 ° F.) although 
lower temperatures or even higher temperatures 
could be used. Treating a gas having a compo- 
sition as follows: 
Percent by volume 5 
CO ................................... 20.0 
CO .................................... 10.0 
H ...................... . ............... 60.0 
N÷CH ..... = .......................... I0.0 
-- I0 
100.0 
Yields in this particular case a gas having  com- 
position substantially as follows: 
Percent by volume 15 
CO ..................................... 2.0 
CO ..... - ...........  ................. z 12.3 
-I-fs ............... - .................... 73.4 
NïSCH« ............................... '12.3 
20 
I00.0 
This-rePresents a removal of approximately 183.5 
cubio feet of CO per 1000 cubic ïeet of raw gas 
treated.. With a deep bed of fluidized lime in a 
fine state of division he CO2 content can be re- 
duoed fo substantially zero a1hough in order fo 
accomplish this-it is necessary fo employ super- 
atmospheric pressure in reactor 4. nd. fo main- 
tain the temperature, in ai least the. uppermost 80 
zone ci the fiuidized CaO solids, ai. a relatively 
Io-level, belo about 600 ° C. The amount of 
CaO. theoretioaIIy required fo remove the 183.5 
cubic feet of CO is 27.2 pouds and the amount 
of heat evolved is approximately 38300 
The total heat above .60 ° F. in the 816.5 cubic 
feet of ourlet gas resultig from treating. 1000 
cubic feet of the ra gas at 1200 « F. is only 16,330 
B. t. u. henoe, if is evident tht more heat is 
available by virtue of he. lime reaction than is 40 
dissipated as sensible heat in the outgoing gases 
when af 1200 ° F. This excess heat can be 
moved by known cooling means, by circulating 
an excess of CaO, by circulating other solids with 
the CaO or by other means. The raw gas fed fo 45 
the retctor need hOt be preheated in riais ex- 
ample. A cooling surfaceprovided within the 
upper portion of reactor 4 would be helpful in 
this particular, example. If is understood that 
the CaO is supplied to 4 through- valve 24 and $0 
that ït reacts forming CACO2 in the reactor and 
that the CaCO is discharged from 4 through 
12,  and. 4 and conducted fo the calcining fur- 
nace 8 where if is calcined and the resulting 
CaO is recirculated back fo the reactor 4. 55 
" Numerous modifications of this procedure may 
be practiced and they will be recognized by one 
skilled in the art. One such modification per- 
tainLug fo this example of treating gases is as 
follows: Finely divided reactive carbon or coke 60 
may be circulated with the CaO, removing some 
of if with the CaCO for use as fuel in the cal- 
cining operati0n. Compounds removed with this 
carbon are burned in the calcining furnace. 
Again, a catalyst or an oxide of iron may be 65 
fluidized in the reactor and the gas fo be treated 
may be passed up through this bed and the lime 
caused to circulate upwardly as described con- 
currently with the gas stream. Heat exchanger 
49-A may be Used or bypassed according fo the 70 
temperature effect desired and fo the amount of 
CO in tte gas being treated. 
Example 3 
Manufacture of city-gas-by rection of hydro- 
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carbons with steam; applicable to low molecular 
weight hydrocarbons, particularly such materials 
as CH» CH, CH0, natural gasoline» petroleum 
refinery gas and the like. 
A natural gasolLue comprising largely propane 
and butane yields gas having a calorific value 
varying from about 450 B t. u. Per cubic foot fo 
1000 B. t. u. or more depending n: (a) velocity 
of the stream of fiuids through the reaction zone, 
(b) the.depth of the bed of fiuïdized solids in the 
reaction zone, (c) the mean temperature of he 
solids in the latter zone, (g) the composition of 
the hydrocarbon feed stock, (e) the pressure in 
the reaction zone, (]) the nature of the solids 
fiuidized, (g) he temperature of the reactants 
fed fo the reactor, and (h) the amount, of CaO 
circulated through the reactor per unit of rime. 
Referring to Figure 3, the procedure is as fbl- 
lows: Heat the checker bricks 
by burning gas admitted through 0 with air 
admitted through , removLug the products, of 
combustion through 9 and  until the bricks are 
heated fo incandescence. Discontinue the gas 
.and air blasting and 1211 the reactor about 0.5 to 
0.6 full of the solids fo be fiuidized, coarse sand 
in this particular instance.. Superheated. steam 
is now admitted through valve 6 and. the vapor- 
ized .gasoline af a temperature of the order of 
400 ° to 800 ° 
diçional fiuidizing, medium is supplied through 
valve 3} and this may be recirculated gase0us re- 
action products, natural gas or other fiuid. The 
superficial velocity of the total stream in the 
upPer portion of zone A is approximately 0.5 fo 
6.0 feet per second. CaO is now introduced 
through 24 fo bring the total volume of fiuidized 
solids fo level L. All of the gases are v¢ihdrawn 
through 9 and  0. The CaO in this example is of 
ff-ner size than the sand. The operation is now 
under way except that valve  is adjusted to cir- 
culate CaCO through 2 and 4 fo calcining fur- 
nace 8 vherein it is calcined and the resultLug 
CaO continuously returned fo the reactor in a 
fiuidized state through conduit 26. In the cal- 
cLuing operation gas is burned in counter-current 
fiow in 8 by àdmitting gas through 2 and air 
(preferbly preheated throügh - 2 , thë prdUdts 
of combustion p3;sSing out through - 23. There is 
little advantagë in cooling tle CaO in exchanger 
9-A in this partïcular operation; hence this ex- 
changer is bypassedin this examplë by closing 
vlves 8 and 48 and opening39. The tempera- 
tures in zones A and E are watched, and shouId 
the temperature in A fall too low for yielding gas 
of sufficiently low calorific value if may be cor- 
rected by: 
(a) Circulating more CaO (hot) from 8t0 
4, or 
() Introducin some combustion supporting 
fiuid through valve 3"/, or 
(c) Raising the temperature of thè steam ad 
mited through 6, or 
(g) Decreasing the rte of flow of fiuids 
through reactor 4, or 
(e) Combinations of these procedures. 
It will be round that as the temperature ir re- 
actor 4 rises the amount of COplus H2 formed în- 
creases and the B. t. u. of the gas ruade deCreases. 
Af the low level of operating temperature range 
there is-a tendency for some propane fo pass 
through the rea.ctor undecomposed. For- mking 
city-gas if is usually desirable to maLutain the 
temperature in the Upler portion of zone/ aboie 
600 ° fo. abouç 735 ° C. (t1-12 ° fo 1355 ° t".) The 
pressure, in the-reacto in this example 
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:the approximate range ! te 5 atmospheres. High- 
er temperature than 1335 ° F. is dcsired in zone A 
for the efficient conversion of steam and the eï- 
fective production of CO2 for reaction with the 
CaO; ai the higher temperatures the reaction of 
a hydrocarbon with stem is favorcd but the re- 
action of CaO with CO2 is net favored, l%r- 
tunately there is a temperature gradicnt frein the 
bottera te the top of the reactor se that hydro- 
carbon re-forming can be conducted at about 900 ° 
C. (1652 ° F.) in zone A when the CaO is cir- 
culated as calcining temperatures fo the reactor 
and the. CaO passing up through zones B and E 
decreases in temperature to the level where it 
does react with CO2. Pressure above atmos- 
pheric is very helpful under these conditions. It 
will be understood that in operating at tempera- 
tures ai which the steam-hydrocarbon reaction 
Is very slow the CO2 recluired for generating 
heat may not be generated, the major reactions 
being cracking. When this condition is desired 
the COa needed may be added, that is, introduced 
along with the reactant gasoline vapors or it may 
be generated by combustion by allowing a con- 
trolled amount oï combustion supporting gas te 
pass into the reactor during operation, as through 
valve 3L The difference in the temperaçures in 
the top and bottom oï the bed in reactor 4 is 
probably due to the ïact that cracking occurs 
in zones above as ell as in zone A. This tem- 
perature difference ïavors the use oï high tem- 
peratures in zone A without destroying the bene- 
flts accruing ïrom the CaO reaction with CO2 in 
the upper, cooler region of the reactor. Calcu- 
lated on the basts of per 1000 cubic feet oï gas 
ruade, the quantities oï materials consumed under 
one set of conditions with maximum temperatures 
in the range 1400 ° te 1600 ° F. are substantially as 
follows: 
Propane reacted per 1000 eu. ft. of gas marie ........... eu. ft ..... 130 
Butane reacted per 1000 eu. ft. of as marie ............ eu. ff ..... 130 
Steam reacted uer 1000 eu. ft. of gas marie ................ lbs ..... 12 
CO added perlO00 eu. ft. of gas made ................. eu. ft ..... 
CaO reacted per 100 eu. ft. of gas marie ................ I b s ..... 25 
The composition of the gas is; 
Percent by volume 
CO .................................... 1.3 
CO ..................................... 7.8 
H, ...................................... 49.3 
CH .................................... 13.0 
CH« .........................  .......... 2.6 
CH .................................... 20.8 
CsH« .................................... 5.2 
100.0 
Oaloriflc value, B. t. u. per eu. ft .......... 815 
By reducing the amount of steam the amount 
of CO can be reduced te substantially zero and 
the hydrogen content oï the gas ruade can be re- 
duced te 25 te 85 percent. The gas under these 
conditions is targelY a resul of cracking in he 
presence of CO and CaO and comprises hy- 
drogen, methane, ethane and ethylene with 
seine propylene. The ratio oï ethane te ethylene 
Increases as the pressure in he system is in- 
creased. 
Two important modifications of operations in 
operating procedure may be marie within the 
scope oï Example 8 ïor the purpose oï altering 
the composition of the product gas or for in- 
creasing production capacity. One comprises 
lromoting some combustion in the bottera zone 
of reactor 4 bY the substantially continuons in- 
troduction of O., air or oxygen-enriched air, 
hus supplying seine oï the hea required for 
the reactions by combustion reacions and si- 
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multaneously forming some of the COa needed 
to generate heat by reaction with CaO. The 
other modification is the promotion of chiefiy 
catalytic .cracking reactions in reactor 4 main- 
5 taining the temperature by circulating hot CaO 
from the calcining furnace to the reactor and 
introducing enough CO2 fo zone A to give the 
desired temperature; in this modification the 
temperature will usually be in the range 932 ° 
10 F. to 1292 ° F. which range is favorable for re- 
action of CaO with CO2. Pressure also favors 
the latter reaction. A cracking catalyst may be 
used in this case instead of coarse sand; the 
catalysç should be coarse and preferably denser 
15 than the CaO, that is, the speciflc gravtty of 
the catalyst particles preferably should be 
greater than that of the CaO particles.. The 
CaO rises in the fiuidized bed forming CaCO 
which is removed along with any excess CaO 
20 ïrom zone E. 
In making city-gas from butane when the 
yield and separate recovery of propylene and/or 
ethylene is of minor importance tt is desirable 
fo maintain a temperature of 00 ° to 800 ° C. 
25 (1292 ° fo 142 ° F.) in zone A of lVigure 3 and 
to employ a mass of fluidized small size solids 
in said zone sufcient to allow a residence tlme 
of the reacting fluid therein of 4 to 1 second. 
On the other hand, when it is desirable to make 
30 the maximum amount of propylene, for exam- 
ple, the residence rime should be shorter or the 
temperature lower. My experiments cracking 
butane show that at about atmosphertc pres- 
sure a verY high yield of unsaturated hydro- 
35 carbons results when the cracking temperature 
is within the range 00 ° to 5 ° C. (1292 ° to 
1395 ° F.) and the residence rime in the crack- 
ing zone A Is approximately 4 fo 2 seconds. At 
pressures appreciably above atmospheric pres- 
4O sure the residence rime may be increased or 
the temperature increased or both but it is pref- 
erable to keep the temperature below about 
1395 ° C. and increase the residence rime to pro- 
vide the desired cracking effect; this may be 
done by adjusting the depth of the bed of ftuld- 
45 ized solids and/or adusting the velocity of the 
fluid stream. 
It will be evident that other reactions than 
those given in the speciflc examples can be pro- 
moted within the confines, of this invention and 
50 it may also be apparent that the CaO which is 
caused to circulate up through reactor 4 of g- 
ure 3 can readily be caused .to flow in the op- 
posite direction. In general, when the fluidized 
solids other than CaO have a specific gravity 
55 appreciably greater than that of CaO. the cir- 
culation of the CaO should be upwardly in the 
reactor and vice versa. Counter-flow circula- 
tion of two streams of fluidized solids in a coin- 
mon bed are indicated in Figure 2. It is usu- 
60 
ally desirable to react the CO2 at a temperature 
above about 300 ° C. and as low as is compatible 
with the maSor reactions, promoted. 
With adjustment-of the manner of introduc- 
65 ing fluidizing gas into the circulating system 
and adjustment of relative pressures and/or bed 
levels in reactor 4 and in chamber 18 the di- 
rection of flow of CaCO from 4 and of CaO to 
4 can be reversed. The checker bricks are a 
70 marked aid in promoting separation of the fluid- 
ized mixed solids in the reactor, in equalizing 
temperatures therein and in providing a con- 
trollable residence rime of the circulating solids 
in reactor 4. The diameter of the vertical flues 
75 in the mass of arranged and spaced checker 



bricks shown at 3G in Figure 3 should prefer- 
ably be in the range 0.75 to 1.5 inches although 
good results may be obtained with spacing some- 
what greater or less thaa these dimensions. 
Checker bricks are arraaged preferably in stag- 
gered ïoïmation, that is, arranged so that the 
vertical flues or channels are not eontinuous 
through the packed zones, as for example, 
through 6 of Figure 3. Although the arrange- 
ment of bricks in reactor 4 of Figure 3 is shown 
for simplicity in flue formation, staggered for- 
matiol is generally preferred« 
Belote deïning thé claims of. this invention, 
attention is called to the fact that the present 
invention is a special case involving some of 
the principles described in a co-pending case, 
Serial Number 582,692, flled by me in the United 
States Patent Office March 14, 1945, now Patent 
¢o. .,503,291. Regularly spaced and arranged 
channels are provided in the generator in Fig- 
ures 1, . and 3 whereby temperatures in the 
fluidized bed are controlled even though segre- 
gation into layers .occurs. The lime travels 
through the bed and through the latter chan- 
nels largely by virtue of its difference in specilïc 
gravity from that of other small solids simul- 
taneously fluidized in said bed. When the lïuid- 
ized bid comprisis lime alone the CaCOE should 
be removed, preferably from the cooler end of 
the bed and preferably from the top of said 
bed and the CaO which bas a greater speciflc 
gravity should be fed to the generator adja- 
cent the bottom of said bed. When a large 
excess of CaO is employed this latter detail is 
sometimes less important. 
The examples given above are for the pur- 
pose of illnstrating the procedure in practicing 
this invention; many possible variations within 
the scope of the disclosures will become evident 
fo one skilled in the art. One can readily al- 
ter the temperature in the bed, the temperature 
oî the reactant material fed thereto, the nature 
of reactants employed, their rate of feed, the 
amount of diluent employed, the amount of com- 
bustion-supporting gas supplied, the pressure in 
the system, the kind of catalyst used and other 
variables and obtain modifled results. 
Reference bas been ruade to the use of CaO 
as the absorbent for CO2; other alkali earth 
oxides may be used under some conditioni or 
even other reactant substance, but CaO is usu- 
ally preferred. If is noted that the dissocia- 
tion temperatures of the other carbonates are 
different from that of CACO3. 
Having thus described my invention so that 
one skilled in the art can practice it, I claire: 
1. The process of promoting endothermic chem- 
ical reaction at temperatures below about 9.5 ° 
C. but above about 300 ° C. in an elongated vertical 
reaction zone containing a body of checker bricks 
intermediate the ends thereof and a continuous, 
deep mass of finely divided contact solids extend- 
ing from below to above said body of checker 
bricks, which comprises, passing a gasiform 
stream initially containing at least one material 
adapted to react endothermically at the temper- 
ature of sad zone upwardly through said mass of 
solids ai a superficial velocity sufficient fo fluid- 
ize said mass as a continuons, deep, dense bed 
having a well deflned top level while said solids 
are ata temperature within the aforesaid range, 
feedLug a stream of flnely divided solids con- 
taining CacO and having different buoyancy than 
the contact solids into a portion of sald bed out- 
side of said body of checker-bricks, passing the 

lagter s01ids initiallY containing said CaO through 
sàid'bëd  and-through the interstitial sPaces of 
said body to that portion of said bed on the other 
side of said body and reacting said CaO with CO 
5 present in the said zone during such passage to 
 form.-CACO3 and generate heat, the thus gener- 
ated heat promoting the endothermic reaction of 
the material adapted-to react endothermically, 
withdrawing CaCO tróm the portion of said bed 
10 to which if is passing, and discharging the fluid 
stream containing gasiform products of said 
endothermic reaction from above sáid bed. . 
2. The process defined in claire 1 in which the 
endothermicreacti0n Of said material is promot- 
15 ed in said zone under a super-atmospheric pres- 
sure of the order of 1 fo 150 atmospheres. 
3. The process deflned in claim 1 in which the 
contact solids are catalytic to the endothermic 
reaction of said material. 
20 4. The process dened in claim 1 in which the 
CaO is excess of the chemical equivalent of the 
CO. to form CaCO in the reaction zone. 
5. The process defined in claire 1 in which the 
CO is fed to said bed ai an elevated temperature 
25 but below about 1100 ° C. 
6. The process deflned in claim 1 in which the 
gasiform stream initially contains at least 2 re- 
actants adapted to react with one another endo- 
thermically at temperatures below 925 ° C. anl in 
0 which said reactants are caused to react with one 
another in the reaction zone in said bed. 
7. The process defined in claire 1 in which, satd 
contact solids are combustible carbonaceous sub- 
stances, the gasiform stream initially comprises 
5 essentially superheated steam and in which CO2 
as a product O f reaction is generated in the re- 
action zone. 
8. The process deflned in claire 1 in which the 
checker-bricks are spaced 0.75 to 2.0 inches apart 
40 in said, body forming regular, small channels 
therein for the passage of said gasiform stream 
therethrough. 
9. The process deflned in claire 1 in which the 
45 said materialïs a hydrocarbon. 
10. The process deflned in claire 1 in which a 
relatively small amount of a combustion suR- 
porting fluid is supplied to the bottom portion 
of said bed along with and as a part of said gasi- 
 form stream and in which some combustion of 
fuel ts promoted in that portion of said bed for 
the purpose of supplying some of the heat con 
sumed by the endothermic reaction and for gen- 
erating CO2 in said bed. 
 11. The process deflned in claire 1 in which the 
gasiform stream that is fed to said bed in the said 
zone is preheated fo about 400 ° to 800 ° P. 
12. The process of promoting chemical reac- 
tions af temperatures below about 925 ° C. but 
 above about 300 ° C. in an elongated vertical reac- 
tion zone containing a body of spaced checker- 
bricks intermediate the ends thereof and a con- 
tinuons deep mass of flnely divided contact solids 
extending from below to above satd body of 
5 checkerbricks, which comprises passing a gasi- 
form stream initia]ly containing CO2 upwardly 
through said mass of solids at a superficial ve- 
locity sufficient to fluidize said mass as a con- 
tinuons deep, dense bed having a well deflned top 
70 level while said solids are af a temperature with- 
in the aforesaid range, feeding a stream of finely 
divided solids which solids are initially essentially 
CaO having a different buoyancy than the con- 
tact solids into a portion of said bed outside of 
75 said body of checker bricks, passing the stream of 
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CaO solids through the bed and through the 
interstitial spaces of the body fo that portion of 
said bed on the other side of said body and react- 
ing said CaO with the CO initially present in 
said gasiform stream in the zone during such pas- 
sage fo form CACO3 and generate heat, thus sub- 
ecting said gasiform stream to the action of satd 
heat in contact with said CaO and simultaneous- 
]y removing CO2 therefrom, withdrawing CACO3 
from the portion of said bed to which if is pass- 
ing and discharging the resulting fiuid stream 
from above said bed. 

WILLIA1V£ W. ODELL. 

10 

16 
REFERENCES CITED 
The following references are of record in the 
file of this patent: 
UïED STATES PATEhrrs 
Nuraber Name Date 
1,938,202 Williams ........... Dec. 5, 1938 
2,425,754 Murphree et al ..... Aug. 19, 1947 
2,444,990 Hemminger ........ July 13, 1948 
2,456,072 Marisic ............ Dec. 14, 1948 
OTHER REFERENCES 
Murphree et al. "The Oil and Gas Journal," 
iVfarch 3, 1945, page 64. 



